The existence of a specific abnormality of lipid metabolism in patients with atherosclerosis has been suggested by recent studies which have shown that the concentration of certain serum lipoproteins in patients with coronary disease is statistically different from that found in "normal" individuals. Gofman and his co-workers (1) found in such patients an elevation of a beta lipoprotein sub-fraction defined by ultracentrifugal flotation rates between Sf 10 and 20. Russ, Eder, and Barr (2, 3) measured the cholesterol content of precipitated serum lipoprotein fractions and found that the total beta lipoprotein fraction was increased in serum from a group of atherosclerotic patients as compared to a control group made up largely of hospital personnel. Similar results have been obtained by Nikkila (4) , who measured the cholesterol content of electrophoretically separated protein fractions, and by Antonini et al. (5) and Kroetz and Fischer (6) who measured lipoprotein concentration in terms of the lipid dye binding of serum proteins separated by paper electrophoresis.
Studies on the validity and reproducibility of two relatively simple methods for the estimation of electrophoretically separated serum lipoproteins by measurement of their cholesterol content and dye binding capacity have recently been reported from this laboratory (7, 8) . These serum lipoprotein abnormalities with atherosclerosis, making use of both healthy and hospitalized control groups to lessen the possibility that any observed abnormalities might be the result of illness, medication, diet, or restricted activity rather than of atherosclerosis per se.
MATERIALS AND METHODS
Separation and analysis of serum proteins and lipoproteins was carried out as previously described (7) (8) (9) (10) . Lipid material with zero mobility on paper, consisting of chylomicrons and adsorbed beta lipoprotein, was included in the beta lipoprotein fraction. A small amount of lipid staining material with a mobility slightly greater than beta lipoprotein was occasionally observed. Unpublished experiments from this laboratory have confirmed the finding of Ray, Davisson, and Crespi (11) that isolated beta lipoproteins are oxidized during dialysis and have also shown that this may occur during paper electrophoresis, resulting in an increase in the mobility of beta lipoprotein to that of an alpha2 or even alpha, globulin. Although this may be prevented by ethylenediaminetetraacetic acid and is normally prevented in whole serum by the presence of albumin, the possibility that the observed lipid staining material may be a fraction of beta lipoprotein of slightly increased mobility as a result of oxidation (12) removed with a tube slicer and analyzed at 56,100 rpm in a model AD analytical rotor using a 6-minute acceleration time which was considered equivalent to two minutes at full speed. Alpha, lipoprotein concentration was calculated from the refractive index increment of lipoproteins of uncorrected SfLn 0-20 in the 40-minute picture and beta lipoprotein concentration from SfLn 20-250 in the films taken 2 and 12 minutes after reaching full speed. No separate peak was found in these sera at Sf 20-25 and any lipoprotein found in this range was included as a part of the beta fraction.
All analyses on each serum specimen were completed within 30 days. Control experiments indicated that in the absence of gross contamination by microorganisms no change in lipoprotein concentration occurred on storage of serum at 1 to 3°C. for this period of time. No attempt was made to control the time of day at which blood specimens were drawn from either the control or experimental groups. If more than one specimen from the same patient was analyzed, the results of the individual determinations were averaged so that no patient was represented more than once in the statistical evaluation of the data.
Statistical comparisons were carried out by the "t test," and significances are reported in terms of "p," the probability that the observed difference between two groups is due to chance alone (21) . All comparisons were checked by analysis of variance and the "F test" and found to have the same degree of significance as with the "t test."
RESULTS

Interrelationship of methods
In order to compare the results of the lipid staining with the cholesterol elution procedure for measuring the concentration of separated lipoproteins, analyses were carried out in duplicate by both of these methods on 126 normal and abnormal sera. The results are shown in Figure 1 The mean 'ages of the three groups, given in Table I , are closely similar; the age distributions were also similar except that the group of "normal" Army officers fell within a somewhat narrower age range than the other two groups. No relationship of lipoprotein levels to age was apparent in these samples of relatively restricted age range.
The data obtained from these groups are summarized in Table I Figure 4 , this elevation is largely due to a few high values and it is statistically only "probably significant" at the 5 per cent level. Inspection of the discharge diagnoses of the patients in the hospitalized group revealed no correlation of lipoprotein abnormalities with the diagnosis or the severity of disease, with the exception of a questionable tendency towards elevation of alpha lipoprotein concentration in patients with prostatic disease. It may be concluded that there are no marked differences in lipoprotein concentration and distribution associated with differences between normal and hospitalized patients subject to the limitations of selection described above. The data from these two control groups were, therefore, pooled for comparison with the data from patients with myocardial infarction. (Calculations of the apparent significance of the differences between the group with myocardial infarctions and each of the above control groups separately gave results which were very similar to those reported below for the pooled data, with the exception of the total cholesterol and total lipid concentrations which were not significantly different in the hospitalized and infarct groups; however, since such calculations require the use of the same group for more than one comparison, they are not independent comparisons and are, therefore, not reported in detail.)
The data obtained on patients with myocardial infarctions (Table I) groups, regardless of whether the measurement is carried out by staining or cholesterol elution, than is measurement of either total cholesterol or total lipid. The ratio of alpha to total lipoprotein is, as might be expected, the best index of difference between the groups, since it reflects the differences in both alpha and beta lipoproteins. A comparison of serum lipoprotein distributions at varying periods of time after myocardial infarction revealed some tendency towards an increase in the per cent alpha lipoprotein six months or more after an acute episode. The average value for the per cent of the total cholesterol in the alpha lipoprotein fraction of sera drawn within one month after an acute attack was 14.7 per cent, which was not significantly different from the value of 12.4 per cent obtained on sera drawn between one and six months after an attack. However, sera drawn over six months after an attack had an alpha lipoprotein fraction of 16.1 per cent which is probably significantly greater than the combined values for 0 to 6 months (p = < 5 per cent). Whether this increase indicates that the abnormality in lipoprotein distribution found in patients with myocardial infarction is a transient metabolic alteration which returns to normal with time or whether it is a result of selection due to death of those individuals with low values within a six-month period after their first infarction cannot be decided from these data. However, the second alternative appears somewhat more likely since after the first month, during which patients might be expected largely to recover from the acute effects of their illness, there is no increase, but actually a small decrease in the per cent alpha lipoprotein.
If the lipoproteins in atherosclerotics are qualitatively as well as quantitatively different from normal, one manifestation of this abnormality could be a shift in electrophoretic mobility. The mobility of the lipoproteins of the control and atherosclerotic groups was estimated by measuring the distance between the point of serum application and the peak of each stained lipoprotein fraction before elution. Such a procedure, while not very accurate in any single determination, should show any tendency towards abnormal mobility in a large group of samples. The results shown in Table II indicate that no such abnormality of lipoprotein mobility occurred in this group of patients.
The electrophoretic distribution of serum proteins expressed in terms of bromphenol blue dye binding capacity in normal, hospitalized and infarction groups is shown in Table III . The average concentration of albumin is slightly lower, and all of the globulin fractions are slightly higher in the hospitalized compared with the normal group. This relatively non-specific alteration in serum protein distribution is to be expected as a result of illness in this group of patients (22) . The group of patients with myocardial infarction, on the other hand, shows only a very small decrease in albumin accompanied by a small generalized rise in the globulin fractions. It appears likely that this small change, if significant at all, is a non-specific response to illness and is in contrast to the abnormalities of lipoprotein distribution found in this group of patients, which were not found in the hospitalized group. These results may be compared to the results of other studies from this and other laboratories (22, 23) in which considerably more marked decreases in albumin concenw tration were observed in atherosclerotic patients. It seems likely that this difference may also be accounted for by differences in the degree of illness in the various groups: the group of atherosclerotic patients to be reported elsewhere were all hospitalized and many of them were critically il.
In spite of the increased concentration of beta lipoprotein in the patients with coronary atherosclerosis, the relative concentration of beta globulin is not appreciably increased; the very small increase observed is accompanied by similar increases in the other globulins and may simply reflect the small fall in albumin concentration. Plots of alpha and beta lipoprotein against alpha, and beta globulin concentrations respectively in each serum failed to reveal any relationship between lipoprotein and globulin concentration in either normal or abnormal sera. It was concluded that it was not possible to infer the presence of abnormal lipoprotein levels from the results of paper electrophoresis of serum without specifically measuring the concentrations of the lipoproteins (this may not necessarily be the case in moving boundary electrophoresis in which lipid makes a considerable contribution to the measured concentration of beta globulin, so that lipoprotein accounts for 15 to 30 per cent of the beta globulin peak in normal sera and up to 60 per cent in abnormal sera when measured by refractive index increment [18] ). Since the lipoproteins represent only a small fraction of the total alpha and beta globulins of serum, it is also not possible to draw any conclusions about the ratio of lipid to protein in the lipoprotein molecules of atherosclerotic individuals from the type of data reported here.
Comparison of ultracentrifugal tuith electrophoretic procedures in normal and atherosclerotic groups A comparison was made of the results obtained by analyzing 97 sera by ultracentrifugation at a density of 1.063 according to the technique developed by Gofman and his associates (1) with the results of analyses on the same sera by paper electrophoresis. In Figure 5 24.4 ation in the results of different laboratories when lipoprotein concentration is measured by lipid dye binding, although the results of published studies agree in the finding that the fraction of alpha lipoprotein is lowered in atherosclerotic populations. This variation is not unexpected in view of the different staining techniques used in different laboratories, and serves to emphasize the necessity for careful evaluation of the validity and reproducibility of the procedure itself, and the analysis of control sera at the same time and under the same conditions as experimental sera if meaningful results are to be obtained with such techniques.
The most serious difficulties encountered in studies of the relationship of lipoprotein levels to atherosclerosis are the absence of a method to determine the presence or absence of atherosclerosis in the "normal" subject during life and the difficulty of selecting control and experimental groups which differ only in their incidence of atherosclerosis. It is probably reasonable to assume that a group of patients with proved myocardial infarction will have definite atherosclerosis (25) , but the incidence of atherosclerosis in clinically normal males of comparable age, which is probably well over 50 per cent (26) , means that any measurement which is in fact associated with atherosclerosis will show a considerable overlap between control and atherosclerotic populations. The data obtained in the present study are shown in the form of scatter diagrams in Figures 3 and 4 to emphasize this overlap, which is not immediately apparent from inspection of the mean values and the statistical significance of their differences (Table I) 2. No appreciable difference in lipoprotein concentration or distribution, measured by paper electrophoretic techniques, was found between the sera of 68 healthy male Army officers and the sera of 65 patients hospitalized with diseases not known to be associated with atherosclerosis or abnormalities in lipid metabolism.
3. Analyses of sera from 77 males with atherosclerosis, as judged by a history of myocardial infarction, showed a significant drop in alpha lipoprotein and increase in beta lipoprotein, resulting in a decreased ratio of alpha to total lipoprotein in these sera as compared to the control groups. Elevations in total cholesterol and total lipid dye binding capacity were less significant.
4. The percentage of the total serum cholesterol in the alpha lipoprotein fraction was lower in sera from patients studied from 0 to 6 months than in those studied over 6 months after an acute episode of myocardial infarction.
5. The electrophoretic distribution of serum proteins showed greater deviations from normal in the group of hospitalized patients than in the atherosclerotic group.
6. Ultracentrifugal analyses of lipoproteins of Sf 12-20 were less often abnormal than were electrophoretic analyses of the ratio of alpha to total lipoprotein in sera from atherosclerotic individuals.
